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We derive the analytical form of the time-dependent wave function for a single-band tight-binding model of
independent conduction electrons within an aperiodic semiconductor superlattice, created by modifications in
the composition of a single layer of an otherwise periodic superlattice. While the wave function for long times
is known to feature both diffusive and localized behavior, the latter originating in the superlattice aperiodicity,
we provide quantitative results for these features for all values of the time. @S0163-1829~98!03215-9#I. INTRODUCTION
In recent years great progress has been made experimen-
tally in observing the time evolution of the wave packet of
electrons in solids.1 For example, wave packets have been
created in GaAs/AlxGa12xAs double-quantum-well struc-
tures by ultrashort pulse excitation. The subsequent evolu-
tion of the wave packet is observed2 using time-resolved
degenerate four-wave mixing and pump-and-probe spectros-
copy. The electron oscillations in double-quantum-well
structures are a source of electromagnetic radiation in the
THz range, and direct observations3 of this radiation have
also been successful. The observation4–6 of Bloch oscilla-
tions and the associated THz emissions in superlattices sub-
ject to dc electric fields is an additional example of the new
realities of experimentally probing time-dependent quantum
phenomena. In view of these far-reaching experimental de-
velopments it is timely to focus theoretical investigations on
systems that offer new and interesting time-dependent phe-
nomena. As an example, altering the composition of even a
single layer of an otherwise periodic structure, for example,
by adding a low level (,1%) of In atoms to a single GaAs
layer of a GaAs/AlxGa12xAs superlattice, is sufficient to af-
fect the electron dynamics in a major way. This is because
the presence of the altered layer gives rise to a localized
electron eigenstate in the vicinity of that layer.7 The local-
ized eigenstate is in addition to the collection of extended
~Bloch! states associated with each miniband of the periodic
version of the superlattice. It has long been known8 that the
long-time behavior of the electron dynamics associated with
a ‘‘defect’’ in an otherwise periodic system features two very
different phenomena, the first, a diffusing wave packet that
spreads without bound normal to the layers, and the second,
a remnant of the packet that continues to hover in the imme-
diate vicinity of the modified layer. The unrestricted diffu-
sion of a free-particle wave packet is immediately plausible
upon noting that the eigenvalue spectrum consists of an in-
finite set of allowed energy minibands, all associated with
extended ~Bloch! eigenstates. In the presence of a modified
layer, and the corresponding occurrence of a normalized
eigenstate localized about that layer, the projection of the
initial wave function on that eigenstate will be unable to570163-1829/98/57~15!/9043~7!/$15.00participate in the diffusion process. While there exist
formulas8 valid in the long-time limit, quantifying the details
of the dynamics for finite times presents a serious theoretical
challenge that has not yet been addressed.
In this article we present a detailed quantitative study of
the time-dependent Schro¨dinger equation for conduction
electrons within an infinite superlattice, where all GaAs lay-
ers but one are identical. The anomalous layer will be taken
to have the same thickness but it differs in composition from
the others. Our study will be performed in the context of an
exactly solvable dynamical model, a single-band, one-
dimensional, nearest-neighbor, tight-binding approach in the
effective mass approximation. Such a model can be expected
to provide an accurate description of the dynamics of inde-
pendent electrons in a periodic superlattice as long as the
energy gap separating an occupied miniband from the pre-
ceding and next higher miniband is large compared to its
bandwidth. This requirement can readily be achieved
through appropriate design of the composition and thickness
of the layers of the superlattice. Thus the time-dependent
wave function is expanded as a linear combination of ortho-
normal Wannier functions, un&5f(z2na), associated with
a single band of the periodic superlattice. ~Here the z axis is
taken along the growth direction of the superlattice, where
z50 is chosen as the center of the modified GaAs layer, with
n50 labelling that unit cell.! The time evolution of the wave
function is then set by that of the expansion coefficients,
denoted by f n(t). These coefficients satisfy an infinite set of
first-order differential-difference equations which are derived
in Sec. II. We solve those equations in Sec. III by extending
the generating function method given in Ref. 9 for the time-
dependent tight-binding model ~TBM! of electrons in a peri-
odic superlattice. To simplify the mathematical treatment we
restrict our attention to the choice of initial conditions
f n(0)5dn ,0 , where dm ,n denotes the Kronecker d, i.e., it is
assumed that the electrons are initially injected into the al-
tered layer of the superlattice. The key step consists of show-
ing that the modified unit-cell coefficient f 0(t) satisfies a
Volterra integral equation of the convolution form that is
then solved using a Laplace transform technique. The coef-
ficients f n(t) associated with the other unit cells are then
obtained from f 0(t) by an integration. Our major results are9043 © 1998 The American Physical Society
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vide a brief summary of our conclusions and issues related to
the possible observation of localization effects brought about
by modifying a single unit cell of a superlattice.
Elsewhere10,11 we have given an analytical study of the
time-dependent tight-binding wave function in a superlattice
with a single altered layer, but invariably where a uniform,
external dc electric field is applied. A numerical study of
some features of the time-dependent tight-binding wave
function of that same system has been given in Refs. 12 and
13. We also remark that in Ref. 14 results are given for the
numerical solution of the complete time-dependent Schro¨-
dinger equation, ~i.e., without adopting a tight-binding ap-
proximation!, for the modified superlattice considered in Sec.
IV, in the presence of a dc field, and upon incorporating a
one-dimensional model to account for roughness at all layer
interfaces. In all cases, in the presence of the dc field the
wave function remains localized in a finite portion of the
superlattice and, in particular, there is no diffusive compo-
nent. Of course, one would expect that results derived in the
presence of an external field will, in the low-field limit, re-
duce to the present results, and indeed this is demonstrated in
Ref. 11. It should be noted that several of the equations given
below @Eqs. ~4!, ~10!, ~12!, and ~29!# also appear15 in a very
different context, as part of a theoretical investigation of the
self-trapping transition of a quasiparticle that can move on a
chain and that experiences nonlinear coupling to a single
impurity site. In particular, the limited overlap with our work
arises in Sec. IV of Ref. 15 where a brief analytical treatment
is given for linear impurity coupling. Additional remarks
concerning their treatment are given below in Sec. III A.
II. FORMULATION
A. Superlattice model
The Hamiltonian of independent conduction electrons in
the modified superlattice will be selected as follows. For
simplicity, the kinetic-energy operator will describe an elec-
tron with a constant effective mass throughout the sample.
The conduction-band minimum ~henceforth, ‘‘electron po-
tential’’!, will be described by a one-dimensional function
V(z). We choose V(z) to be equal to the sum of a periodic
square-wave function VP(z), with VP(z1a)5VP(z), and a
residual term U(z), which is strictly zero outside the interval
uzu,a/2, ~unit cell 0!, but its form in that interval is other-






As described in the Introduction, the time-dependent
wave function is chosen to be of the TBM form, namely,
c~z ,t !5 (
n52`
`
f n~ t !f~z2na !, ~3!where the f(z2na)[un& denote orthonormal Wannier
functions. We refer the reader to Secs. II and V A of Ref. 9,
where a detailed discussion is given on the assumptions and
methods of the time-dependent TBM. As applied to the
Hamiltonian ~1!, that formalism leads to the result that the
time-dependent Schro¨dinger equation takes the form of an
infinite set of homogeneous differential-difference equations,
i\ f˙ n5iV1~ f n112 f n21!1U0 f 0dn ,0 , ~4!
where f˙ n denotes the time derivative of f n . In writing Eq. ~4!
we have, first, used the fact that ^muHPun&5^0uHPun2m&;
second, for convenience we have chosen the diagonal matrix
element ^0uHPu0& to be zero, which merely defines the zero
of energy, and third, we have made the approximations
^0uHPun&5iV1(dn ,12dn ,21), where V1 is real, and
^muUun&5U0dm ,ndm ,0 with U05^0uUu0&. These approxi-
mations are eminently reasonable since for superlattices of
practical interest one typically16 finds that u^0uHpu2&u is
smaller than V1 by a factor of ten more, and u^0uUu1&u is
smaller than U0 by at least a factor of 102. We remark that if
we use the othonormality of the Wannier functions it follows
that the normalization integral ^c(z ,t)uc(z ,t)& equals
Sn52`
` u f n(t)u2, which in turn is a constant of the motion.
The last statement is easily derived from the equations of
motion ~4!. It is then reasonable to loosely refer to the quan-
tity u f n(t)u2 as the probability of finding the electron within
unit cell n as a function of time, even though this is an
accurate statement only if the Wannier functions are highly
localized.
C. Method of solution
To solve the system of coupled differential equations ~4!,
we follow the method described in Ref. 9, namely we define
the time-dependent generating function
C~u ,t !5~2p!21/2 (
n52`
`
f n~ t !einu. ~5!
Once C is known, we can obtain the desired amplitudes
f n(t) using the inverse relation
f n~ t !5~2p!21/2E
0
2p
du e2inuC~u ,t !. ~6!
If we now multiply Eq. ~4! by einu and sum over all integers
n one finds that C satisfies the first-order equation
i\]C/]t5~2V1 sin u!C1~2p!21/2U0 f 0~ t !. ~7!
It is then easily shown that the general solution of Eq. ~7! is
given by




dt f 0~t!e ~ i sin u!~t/t1!G , ~8!
where t15\/(2V1). We shall see in Sec. IV that we can
interpret ut1u as a characteristic hopping time. In the follow-
ing we shall adopt as initial conditions the requirement that
57 9045DYNAMICAL LOCALIZATION OF ELECTRONS IN AN . . .f n(0)5dn ,0 , so that C~u,0! takes on the very simple form
C(u ,0)5(2p)21/2, independent of u. ~More general initial
conditions can also be considered, but the resulting com-
plexities do not provide much in the way of additional physi-
cal insight.!
We now proceed to evaluate Eq. ~6! using the formula ~8!





du exp@2i~nu1a sin u!#5~21 !n2pJn~a!, ~9!
where Jn denotes the standard Bessel function of the first
kind. One then readily obtains the result, f n(t)
5(21)nFn(x), where x5t/t1 , and where the quantities
Fn(x) are given as follows. The quantity F0(x) will play a





dy F0~y !J0~x2y !. ~10!




dy F0~y !Jn~x2y ! ~nÞ0 !.
~11!
Here z5U0 /(2V1) is a real dimensionless quantity that pro-
vides the appropriate measure of the aperiodicity of the total
potential energy Vp(z)1U(z) of an electron. Note that the
complete solution for f n(t) for nÞ0 is thus known once
f 0(t) has been determined by solving the integral equation
~10!. Of course, for the periodic superlattice the quantity U0
vanishes and Eq. ~10! reduces to the simple result f n(t)
5(21)nJn(t/t1). This result is to be expected since in this
special case the equation of motion ~4! will be recognized as
one of the standard recurrence relations for Bessel functions.
As we elaborate in Sec. IV, the key feature of the result in
that special case is that for times t@t1 , all of the amplitudes
for finite n oscillate in time but are characterized by an am-
plitude that decreases to zero proportional to t21/2. This is
the signature of diffusion in one spatial dimension, namely
the expected spreading of the wave packet. We shall find in
the following that entirely different behavior occurs if U0 is
nonzero. A portion of the wave packet does indeed diffuse
away with time, whereas a calculable residual portion in the
vicinity of the modified unit cell remains nonzero in the
long-time limit.
In the following section we solve the integral equation in
Eq. ~10! and then proceed to find expressions for the ampli-
tudes f n(t) for nÞ0, given by Eq. ~11!.
III. INTEGRAL EQUATION
A. Exact solution
In the previous section we have shown that the time-
dependent amplitudes f n(t) for nÞ0, are, in principle, deter-
mined once we have an explicit expression for the amplitude
f 0(t). The latter amplitude satisfies the integral equation
~10!. In the following we solve that integral equation by
exploiting the fact that the integral is of the convolutionform. In particular, one readily finds that the Laplace trans-
form of F0(x), to be denoted by G0(s), is given by
G0~s !51/@ iz1~s211 !1/2# . ~12!
Evaluation of the inverse Laplace transform of this expres-












where we have introduced the quantity s5(z211)1/2, which
is a real number exceeding unity. The inverse Laplace trans-
form of the first and third terms of Eq. ~13! are given in
standard collections @e.g., see Eqs. ~29.3.55! and ~29.3.15! of
Ref. 17#. For the second term we invoke the convolution
theorem for Laplace transforms. The result is





dy Jn~y !sin s~x2y !. ~15!
We remark that Eq. ~12! appears in Ref. 15 @see their Eq.
~4.3!# in the context of a quasiparticle in a chain subject to
linear coupling to a single impurity site. Those authors did
not provide the Neumann expansions, Eqs. ~19! and ~20!, nor
the asymptotic expansion, Eq. ~27!, that we provide below.
However, they did arrive at the long-time limit, Eq. ~29!.
We now obtain an expression analogous to Eq. ~14! for
Fn(x) when nÞ0. In fact, It suffices to consider the regime
n.0, since if we refer to Eq. ~11! and use the
property J2n(x)5(21)nJn(x), one finds that F2n(x)
5(21)nFn(x). We let Gn(s) denote the Laplace transform




@ iz1~s211 !1/2#~s1~s211 !1/2!n . ~16!
We again use Eq. ~13!, Eqs. ~29.3.56! and ~29.3.58! of Ref.
17, and the convolution theorem for Laplace transforms so as
to find that the inverse Laplace transform of Eq. ~16! for any





dy Jn~y !sin s~x2y !/y ~nÞ0 !. ~17!
In the following two subsections we derive expansions of
the exact analytical formulas ~14! and ~17! that are extremely
efficient for generating numerical values of Fn as a function
of the dimensionless time variable x .
B. Neumann expansions
The function B0(x;s) @see Eq. ~15!# can be expressed in
closed form in terms of standard transcendental functions
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that special case one has a result due to Kapteyn ~see p. 381
of Ref. 18!
B0~x;1 !5xJ1~x !. ~18!
Although it is impossible to express B0(x;s) as a closed-
form expression in terms of known transcendental functions
when s.1, this function can be developed19 as a Neumann





~21 !mJ2m12~x !U2m11~s!. ~19!
Here U2n11(s) is a Chebyshev polynomial of the second
kind ~see Chap. 22 of Ref. 17!. The result ~19! along with
Eq. ~14! provides a computationally useful result for F0(x).
An alternate approach is to derive a Neumann expansion





substitute Eq. ~20! into Eq. ~10!, and use the identity ~see p.














~21 !kcl2~2k11 ! , ~22!
where it is to be understood that cm[0 for negative integers
m . These coefficients are easily generated by computer once
a value of z is specified. Note that Eqs. ~20! and ~22! cor-
rectly reproduce the initial value F0(0)51 for all z.
The Neumann expansions ~19! and ~20! prove to be ex-
tremely convenient for the regime 0,x,25 since the indi-
vidual terms of the series decrease to zero very rapidly with
increasing l , and thus one can readily obtain highly accurate
numerical values by summing a relatively small number of
terms. Although these expansions converge for yet larger
values of x , they are inconvenient to use since it is necessary
to sum a very large number of terms, each of which must be
evaluated to great accuracy. However, for the regime x.10
one can utilize the asymptotic expressions that are given in
the following subsection @see Eqs. ~31! and ~35!#.
First, however, we derive the Neumann expansion for the




dnl Jl~x !, ~23!
substitute into Eq. ~11! and again use Eq. ~21!. In this man-
ner one finds that the dnl satisfy the recursion relationdnl5dnl22iz(
k50
`
~21 !kcl2n2~2k11 ! ~ l>n !, ~24!
whereas dnl50 for l,n . Comparing Eqs. ~22! and ~24! it
follows at once that
dnl5 H 0 ~ l,n !cl2n ~ l>n !. ~25!






whereas F2n(x)5(21)nFn(x). Remarkably, to obtain the
Neumann expansion of Fn(x) for any value of n , it suffices
to solve the recursion relation ~22! to obtain the single set of
expansion coefficients cl and then to substitute the results in
Eq. ~26!. It will also be noted that for sufficiently small x ,
more precisely, if x2!4(n11), one can approximate Eq.
~26! by Fn(x)'(x/2)n/n!
C. Asymptotic expansions
At the close of Sec. II we remarked that for a periodic
superlattice the amplitude F0(x) is given by F0(x)5J0(x),
which oscillates in time but with an amplitude that decreases
to zero proportional to x21/2. For the aperiodic superlattice
F0(x) is given by Eq. ~14!. One can show19 that the com-










` S 2i2x D
lFHlS 11s2 D






n! S 12 D
n
sn, ~28!
and (a)k is the Pochhammer symbol, defined as (a)051 and
(a)k5a(a11)•••(a1k21) for positive integers k . This
expansion proves to be very useful for generating accurate
numerical values of F0(x) for the range x.10, thereby
supplementing the Neumann expansions ~19! and ~20!,
which gradually become ineffective for x.20. For ultralarge
values of x it is seen that B0(x;s) oscillates and remains
finite. The leading correction to that limiting result is an
oscillatory term which has an amplitude that very slowly
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P0~`!5z2/~11z2!. ~31!
We now proceed to find Pn(`) for nÞ0. For very large
values of x one can show that, to leading order,
Bn~x;s!;
1
uzu~s1uzu!n H ~21 !
~n11 !/2 sin sx ~n5odd!
2~21 !n/2 cos sx ~n5even! J .
~32!
Furthermore, in this same regime we can approximate the


























3 H i~21 !~n21 !/2 ~n5odd!~21 !n/2 ~n5even! J .
~33!







The total contribution of terms of the form ~34! from all the







Note that this quantity is positive and less than unity for any
finite value of z. This does not contradict the fact that
SnuFn(x)u251 for all finite values of x , since the result ~35!
does not include the contribution from the diffusive compo-
nent of the wave function. This is hardly surprising since Eq.










It is insightful to arrive at the limiting result ~34! by giv-
ing an alternate derivation, where one explicitly introduces
the localized eigenstate generated by the modified layer. The
functional form of this eigenstate can be obtained by solving
the system of difference equations
E locGn5V1~Gn111Gn21!1U0G0dn ,0 , ~36!
which are obtained from Eq. ~4! by writingf n~ t !5~2i !nGn exp~2iE loct/\!, ~37!
where Gn is time independent, and E loc denotes the energy
eigenvalue. One seeks that solution of Eq. ~36! which has the
property that Gn!0 for n!6` . One can easily show that
there is only one such solution and the normalized localized








and that the corresponding energy is given by
E loc5~U0214V12!1/2 sgn~U0!. ~39!
That is, E loc is shifted away from the top or bottom of the
miniband ~centered about E50 and of width 4uV1u! accord-
ing to the sign of the matrix element U0 . In the energy
representation the wave packet may be written as
uc~ t !&5^V locu0&uV loc&exp~2iE loct/\!1ucext~ t !&,
~40!
where we have used the fact that the initial wave function,
c~0!, consists of the Wannier state u0&5f(z) centered on
cell n50, and ucext(t)& denotes the time-dependent projec-
tion of uc(t)& onto the extended miniband states of the per-
turbed superlattice. For times that are very long compared to
t1 we may neglect the latter quantity as it describes the dif-
fusive component of the wave function. We therefore arrive
at the following limiting result:
z^nuc~ t !& z2 ——!
t!`







This result agrees with our earlier formula, Eq. ~34!. Of
course, the approach based on Eq. ~40! cannot reproduce our
results given above for finite times without engaging in a
lengthy calculation for ucext(t)&.
IV. MAJOR RESULTS
In this section we illustrate our general results for a
single-layer modification of a particular superlattice that has
been considered extensively in recent years in the context of
Bloch oscillations, both experimentally4,5 and
theoretically.14,20 The unmodified superlattice is of the
GaAs/AlxGa12xAs family, for x50.3, and each GaAs layer
and AlxGa12xAs layer has a width of 9.7 and 1.7 nm, respec-
tively. Using the Wannier functions computed for this super-
lattice in the effective mass approximation, one finds14 that
the energy width of the lowest conduction miniband is 17.9
meV, while the matrix element V1 equals 24.406 meV, and
so the hopping time, t1 , is 75 fs. According to the time-
independent TBM, the miniband width is given by 4uV1u
517.62 meV, which is in good agreement with the actual
bandwidth. We now suppose that a single GaAs layer is
modified, by the introduction of 0.75% In atoms. This re-
duces the band gap in that layer. Using the previously
obtained14 Wannier functions, the calculated value of U0 is
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dimensionless coupling parameter z as z5U0 /(2V1)
50.725.
To better understand the role of the modified unit cell, we
first show ~see Fig. 1! the values of the quantities Pn(t)
[ufn(t)u2, where n50,61,62,63, for the periodic version of
this superlattice. In Sec. II C we showed that for this system
Pn(t)5@Jn(t/t1)#2. Inspection of Fig. 1 suggests the follow-
ing interpretation. The very rapid initial decrease in P0(t) is
accompanied by a rapid increase of P1(t). In fact, the quan-
tity P0(t)12P1(t) is virtually constant, equal to unity, while
Pn(t)'0 for n>2 for t<t1 . During the time interval t1<t
<3t1 the decrease in P1(t) is accompanied by a rapid in-
crease in both P0(t) and P2(t); P3(t) is still very small
compared to unity, and P0(t)12P1(t)12P2(t)'1. This
suggests that we picture the electron dynamics in terms of
the simultaneous exiting from unit cell n along with the en-
tering of its adjacent unit cells n21 and n11. The charac-
teristic time of the process is the hopping time t1 .
In Fig. 2 we provide our results for Pn(t)[u f n(t)u2, for
FIG. 1. Unit-cell probabilities u f n(t)u2 for n50,61,62,63 as a
function of time for the GaAs/Al0.3Ga0.7As periodic superlattice de-
scribed in the text. Note that u f 0(0)u251. The curves have been
drawn alternately thick and thin so as to aid in distinguishing be-
tween them.
FIG. 2. Unit-cell probabilities u f n(t)u2 for n50,61,62,63 as a
function of time for the In-modified GaAs/Al0.3Ga0.7As superlattice
described in the text. Note that u f 0(0)u251. The curves have been
drawn alternately thick and thin so as to aid in distinguishing be-
tween them. The values listed at the right ordinate axis are the
predicted long-time limits of the curves shown.n50,61,62,63, for the aperiodic lattice, computed using
Eq. ~26! as well as the asymptotic formula ~34!. As expected,
for the given initial conditions, P0(t) decreases from its ini-
tial value, unity, and then proceeds to oscillate but with a
very slowly decreasing amplitude towards its long-time
limit, z2/(11z2)50.345. As discussed in Sec. III C, the
nonzero long-time limit is a direct expression of the fact that
the aperiodicity in the electron potential energy gives rise to
a localized energy eigenstate. The quantity P1(t) is initially
zero, increases rapidly, and then exhibits oscillatory behavior
with decreasing amplitude towards its long-time nonzero
limit, which is 0.0897. As expected, the quantity P2(t)
reaches its first local maximum later than the corresponding
time for P1(t). The long-time limit of P2(t), 0.0233, is con-
siderably smaller than the corresponding limits for n50,
61. This aspect has also been discussed in the previous sec-
tion, and, we reiterate, is a direct consequence of the spatial
exponential decay of the localized eigenstate. Finally, we
remark that P3(`)56.0731023. The specific values of the
Pn(`) are set by the projection of the initial form of the
wave packet on the localized eigenstate of the modified su-
perlattice, as discussed in Sec. III C. In summary, the initial
oscillatory behavior of the Pn for the aperiodic system is
very similar to that for the periodic superlattice; i.e., initially
the dynamics is dominated by the hopping mechanism char-
acteristic of the tight-binding model. However, the role of
the lattice aperiodicity is to, in essence, trap a portion of the
wave packet in the vicinity of the aperiodicity. For the spe-
cific system considered here, the total probability of the
trapped portion of the wave packet is, according to Eq. ~35!,
given by 0.587. The remaining ~0.413! probability is associ-
ated with the diffusive component of the wave packet.
V. SUMMARY
This work has been motivated to a large extent by the
experimental possibilities that are now open for direct obser-
vation of the time-dependent wave function of electrons in
solids. Our theoretical analysis has been devoted to deter-
mining the time evolution of a wave packet describing inde-
pendent electrons in a GaAs/AlxGa12xAs superlattice where
the composition of one GaAs layer has been modified, as for
example, by substitution of a small quantity of In atoms in
place of Ga atoms. We assumed that independent electrons
are initially injected into the altered layer of the superlattice.
The time-dependent nearest-neighbor tight-binding model
provides the framework for our calculations, and we have
remarked that this model should provide an excellent de-
scription of superlattices when the minibands are well sepa-
rated compared to the bandwidths. The primary result is that
the long-time behavior of the electron dynamics features two
very different phenomena, the first a diffusing wave packet
which spreads without bound, and the second a remnant of
the packet that continues to hover in the immediate vicinity
of the modified layer. Although some of the features are
easily anticipated by general, qualitative arguments, we have
here established quantitative, analytical results for all stages
of the electron dynamics.
We are hopeful that in the near future consideration will
be given to the specific design of a superlattice, with a single
modified GaAs layer, which might exhibit observable time-
57 9049DYNAMICAL LOCALIZATION OF ELECTRONS IN AN . . .dependent behavior reflecting the system’s aperiodicity. An
important aspect of the design studies will be the consider-
ation of the initial form of the wave packet of carriers pho-
toexcited by an ultrafast laser pulse with specified param-
eters. For the example discussed in Sec. IV, where the
addition of In atoms was considered, the electron potential is
lower in that layer compared to all the other layers, so that
U0 is negative, and thus E loc lies below the conduction mini-
band. In principle, the localized state could be excited using
a laser pulse with a reduced nominal frequency as compared
to that normally used for photoexcitation of electrons from a
valence miniband to a conduction miniband in the unmodi-
fied version of this superlattice. The bandwidth of the laser
pulse and details of the relevant matrix elements will deter-
mine to what extent electrons will also be excited to ex-tended states. Also the role of photoexcited heavy holes on
the electron dynamics would have to be taken into account.
We have not entered into these issues here, and have fo-
cussed only on the subsequent time evolution of the wave
packet adopting the mathematically convenient assumption
that electrons are photoexcited exclusively within the modi-
fied GaAs layer.
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